Introduction {#S0001}
============

Systemic lupus erythematosus (SLE) is a multi-systemic autoimmune disease that encompasses several clinical manifestations and has different laboratory characteristics.[@CIT0001] The pathogenesis of SLE remains indefinable, but it mainly depends on the interplay of genetic, environmental, and hormonal factors.[@CIT0002] Besides, identified cytokines such as interleukin-6 (IL-6), IL-1, and tumor necrosis factor-alpha (TNF-α) give rise to immune dysregulation, tissue inflammation, and organ injury in lupus disease.[@CIT0003]

SLE is associated with water and electrolyte disorders such as hypokalemia, hyper/hyponatremia, calcium disturbance, and acid--base balance disturbance. These disorders are mostly due to drug-related drawbacks and to a lesser extent direct effects of lupus disease. For example, lupus nephritis which becomes more complicated with tubulointerstitial damage may be attributed to such electrolyte abnormalities.[@CIT0004]

Hyponatremia is infrequently observed among lupus patients. Nevertheless, in the clinical setting of CNS-related lupus activity, there is an increased IL-6 production resulting from the inappropriate cerebral secretion of antidiuretic hormone[@CIT0005],[@CIT0006] through non-osmotic stimulation of vasopressin by many stimuli such as pain and inflammation.[@CIT0007]

Hyponatremia is not well investigated in lupus in terms of its incidence, pathophysiology, or relation to the disease activity. Far too little attention was paid to sodium abnormalities in SLE. In literature, previous two cohorts showed that hyponatremia could reflect the disease activity and could also be related to acute inflammatory markers.[@CIT0008] A recent study suggested that hyponatremia is associated with higher disease activity, fatigue development, and perception in lupus patients.[@CIT0009]

There is scarcity of data on the association of hyponatremia with lupus. Therefore, this descriptive cross-sectional study was conducted to determine the prevalence of hyponatremia in lupus patients as well as its correlation with the disease activity and explore a new area of inquiry.

Materials and Methods {#S0002}
=====================

Study Design and Population {#S0002-S2001}
---------------------------

A cross-sectional study was conducted on 101 patients with SLE who were fulfilling the American College of Rheumatology (ACR) revised classification[@CIT0010] and aged \>18 years. These patients were recruited consecutively from the rheumatology outpatient clinics of the internal medicine department of Cairo University hospital during the study period (January 2017-December 2017). Patients with severe hepatic or cardiac dysfunction, tubular injury proved by renal biopsy, concurrent infections, diarrhea, or vomiting as well as patients on diuretics medications and pregnant females were ruled out form the study.

According to Na level, the included patients in this study were divided into 2 groups; group (I) which included patients with normo-natremia (61 subjects) and group (II) which included patients with hyponatremia (40 patients). Hyponatremia patients are defined as those having serum Na \<135 mmol/L.

All patients enrolled in the study were subjected to full history taking and complete physical examination with a special highlight on the manifestations of lupus activity which was assessed by systemic lupus erythematosus disease activity index (SLEDAI) score.[@CIT0011] The SLEDAI is a physician-administered instrument measuring SLE activity during the last 10 days. It evaluates 16 clinical features and 8 laboratory indices. The weight which is/was applied to each index gives this tool a range of 0--105 points.

The study protocol corroborates to the ethical guidelines of the Helsinki declaration. It was reviewed and approved by the ethical committee. Written informed consents were obtained from the study participants.

Blood Collection and Sample Preparation {#S0002-S2002}
---------------------------------------

Fresh peripheral blood was collected from SLE patients who were fasting overnight by sterile syringes. All laboratory analyses were performed within one hour after the collection of samples. The samples were centrifuged, and serum sodium and potassium assays were analyzed using the ion-selective electrode method by auto-analyzer microprocessor-controlled electrolyte system (EasyLyte Instrument Inc., Medica Corporation, 5 Oak Park Drive, Bedford, MA 01730, USA).

Complete blood count was estimated using cell counter by Cell Dyn machine; erythrocyte sedimentation rate (ESR) was estimated by Westergren's method, C-reactive protein (CRP) was estimated by nephelometry DN100, Anti-nuclear antibody (ANA) was estimated by indirect immunofluorescence, and complements (C3, C4) were estimated by radial immunodiffusion. Estimation of serum creatinine and liver enzymes was done by the kinetic method over the automation system by Dimension machine, urine analysis, and 24 hr urinary protein were measured.

Data Analysis and Statistical Methodology {#S0002-S2003}
-----------------------------------------

Microsoft excel 2013 was used for data entry and the statistical package for social science (SPSS version 24) was used for data analysis. Simple descriptive statistics (arithmetic mean and standard deviation) were used for the summary of normal quantitative data, while frequencies were used for qualitative data. The bivariate relationship was displayed in cross-tabulations and comparison of proportions was performed using the Chi-square test and Fisher's exact test where appropriate. T-independent test was used for comparing normally distributed quantitative data. The factors that were significantly associated with hyponatremia in bivariate analysis (P\<0.05) were included in the multivariate logistic regression model. Receiver operating characteristic (ROC) curve analysis was carried out to test the diagnostic performance of hyponatremia predictors.

Results {#S0003}
=======

A total number of 101 systemic lupus patients were enrolled in the current study; most of them were females (98 subjects) (97%) with a mean age of 33±8. All patients were on steroids at a dose ranging from 5mg/d to 40mg/d. The mean (SD) value of steroid intake duration was 4.5 (3.8) yrs. The mean (SD) value of plasma osmolarity for all the studied patients was 384 (11.04) mOsm/Kg. Forty-six participants (45.5%) were presented with severe disease activity (SLEADI ≥12) with a mean SLEDAI value of 12 ±10.

The demographic, clinical, and laboratory characteristics of the studied population are demonstrated in [Table 1](#T0001){ref-type="table"}.

The data depicted in [Table 2](#T0002){ref-type="table"} revealed the significantly higher ESR and CRP levels as well as lower complement levels in patients with hyponatremia compared to those with normo-natremia. Hyponatremic patients demonstrated higher SLE activity and SLEDAI (16.1±10.136) compared to normo-natremic patients (7.02±6.568) (p=\<0.001).Table 1Demographic, Clinical and Laboratory Characteristics of the Studied GroupCharacteristicsAge in years(mean ±SD)33±8Female (N. %)98(97%)Male (N, %)3(3%)Disease duration in years (mean ±SD)6±4Age at onset of diagnosis in years(mean ±SD)26±8Clinical characteristic (N, %)Malar rash● 57(34.8%)Mucocutaneous● 59(36%)Arthritis/arthralgia● 69(68.3%)Serositis● 55(54.4%)Hematological disease● 45(44.6%)Renal disease● 59(58.4%)Central nervous disease● 20(19.9%)Cardiovascular disease● 42(41.5%)Lupus nephritis classifications (renal biopsy)(N.%)Class II● 9(21.4%)Class III● 8(19%)Class IV● 9(21.4%)Class II--III● 9(21.4%)Class III--IV● 3(7.1%)Class III--V● 1(2.4%)Laboratory characteristics (mean ±SD)Hemoglobin● 9.84± 2.34Albumin (3.5--5gm/dL)● 3.7±0.6Na (135--145mmol/L)● 135±5K(3.5--5.5 mmol/L)● 4±0.6Cl (98--106mmol/L)● 99±6Ca (8.5--10.5mg/dL)● 8.6±0.6C3 (80--100mg/dL)● 66.6±38C4 (10--40mg/dL)● 8.9±5.5Creatinine (0.7--1.2mg/dl)● 1±0.8ESR (10 mm/hr)● 78±46Positive CRP (N, %)● 50(50%)CRP (5mg/dL)● 16.6±4.1Positive ANA (N,%)● 101(100%)Positive Anti-ds-DNA (N.%)● 81(80.1%)Proteinuria \>500mg/L (N, %)● 37(36.6%)SLEDAI score (mean ±SD)12 ±10[^1] Table 2Comparison Between Normonatremic and Hyponatremic Lupus Patients Regarding Clinical and Laboratory ParametersVariablesGroup I Normonatremia N=61(60.3%)Group II Hyponatremia N=40(39.6%)P-valueAge years (mean±SD)33.86±8.52531.76±7.7260.197Presence of CNS manifestation (N, %)7(11.11%)13(32.5%)0.009Articular manifestation (N,%)41(67.2%)28(70%)0.136Renal manifestation (N, %)35(57.3%)24(60%)0.347Steroid duration (mean±SD)4.224±3.23604.782±4.24680.458CRP (N, %)24(39.3%)26(60%)\<0.001CRP mg/dl(mean±SD)8.3 ±1.813. 7 ± 5.4ESR mml/h (mean±SD)65.9±46.889.8±42.50.009Urea mg/dL (mean±SD)33.7±21.136.8±28.30.526Creatinine mg/dL (mean±SD)0.86±0.61.13±0.90.087Albumin gm/dL3.9±0.43.5 ±0.7\<0.001Na mmol/L (mean±SD)138.22±3.2131.6±3.1\<0.001Cl mmol/L (mean±SD)100.55±2.696.7± 7.8\<0.001K mmol/L (mean±SD)4.18±0.53.8±0.6\<0.001Serum C3 mg/dL (mean±SD)80.1±3952.7±31.69\<0.001Serum C4 mg/dL (mean±SD)10.8±5.476.9±4.9\<0.001Plasma osmolarity mOsm/kg (mean±SD)288± 10.4275± 12.020.023SLEADAI score (mean±SD)7±6.516±10\<0.001Medications (N, %)Hydroxy chloroquine50(82%)20(50%)0.12Steriods61(100%)40(100%)Azathioprine23(37%)31(77.5%)Mycophenolate mofetil12(19.6%)10(25%)[^2]

CNS manifestations were significantly expressed in hyponatremic patients (32.5%), while other clinical manifestations, disease duration, or types of medications were not different in both groups.

The current study data demonstrated a statistically negative correlation between each of ESR and SLEADI score with Na level (r - 0.542 and −0.697, respectively) (p=0.001), while the Na level was positively correlated with C3, C4, Cl, and albumin levels (r=0.586, 0.555, 0. 417, and 0.508, respectively) with a statistical significance as shown in [Table 3](#T0003){ref-type="table"}. Sodium level was found to be not correlated to the CRP level.Table 3Correlations Between Sodium Level and Other VariablesVariablesPearson CorrelationP-valueSLEDAI score−0.5420.002ESR−0.6970.0001Complement(C3)0.5860.015Complement(C4)0.5550.027Cl0. 4170.001Albumin0.5080.01CRP−0.1230.15

Multiple logistic regression test yielded that ESR is the only parameter that could be an independent risk factor of hyponatremia with an odds ratio of 1.103% and 95% CI for Exp B of 0.997--0.058 (p-value=0.048).

ROC curve analysis was performed to evaluate the discriminant validity of SLEDAI, ESR, and serum albumin as predictors of hyponatremia in lupus patients. The highest AUC was for ESR (0.744) at a criterion of 35 with 100% sensitivity and 90% specificity, while SLEADI, albumin, and CRP showed fair performance in hyponatremia prediction ([Table 4](#T0004){ref-type="table"}).Table 4ROC Analyses of Prediction of Hyponatremia in Lupus Patients Based on Our Study DataMarkerCut off ValueArea Under Curvep-value%Sensitivity%SpecificityESR350.744\<0.001100%90%CRP6.50.5670.0170%60%SLEADAI110.723\<0.00181.7%64.2%Albumin3.50.6060.00184.4%36.8%

Discussion {#S0004}
==========

The current work hypothesized that low serum sodium level could be a determinant of lupus inflammatory activity. Hence, the aim of the study design was to evaluate the prevalence of hyponatremia and its clinical significance among lupus patients.

In the current study, the mean age of participants was 33±8. In addition, the most frequent presenting manifestations of SLE were musculoskeletal, mucocutaneous, and renal involvement. Hyponatremic patients had consensually lower levels of plasma osmolarity, chloride, and potassium compared to normo-natremic patients.

Hyponatremia in lupus disease could be related to variable factors including medications, namely diuretics, and renal sodium loss due to renal tubular injury through the immune-mediated pathways by the infiltration of interstitium with inflammatory complexes and tubular membrane damage, leading to acute kidney injury (AKI).[@CIT0012] So, patients with tubulointerstitial nephritis proven by renal biopsy were excluded from this study.

Hyponatremia has been widely observed in different inflammatory conditions[@CIT0013] such as pneumonia, tuberculosis, meningitis, and encephalitis. Also, it was reported in a case of Kawasaki.[@CIT0014] However, it is not well addressed in connective tissue diseases.

Although the pathoetiology is not fully understood, there is growing evidence that stimulatory cytokines, notably IL-6 which is produced in the setting of inflammation, augment the central release and peripheral action of vasopressin hormone which in turn stimulates vasopressin receptors in the collecting tubules of kidney acting on aquaporins channels. This results in water retention and dilutional hyponatremia.[@CIT0015]--[@CIT0017] Besides, IL-1 and TNF-α have been indicted for hyponatremia as they impair sodium transport at the basolateral membrane of the tubule via dysregulation of epithelial sodium channel and sodium-potassium ATPase mediated by nitric oxide (NO) & prostaglandin E2 (PGE2), leading to the increase of natruresis.[@CIT0018]

As regards the inflammatory markers, the present study demonstrated a significant difference between both two groups regarding the CRP level. Moreover, ESR was higher in patients with hyponatremia than those with normo-natremia, while albumin was significantly lower in patients with hyponatremia which might be attributed to the disease activity as a negative phase reactant or proteinuria. In the current study, C~3~ and C~4~ were more consumed in patients with hyponatremia. This is consistent with an earlier premier study which was set out on children and adult lupus in two centers; the authors reported that elevated CRP, ESR, and SLEDAI levels as well as decreased serum albumin and C3 concentrations were strongly related to hyponatremia. Furthermore, they estimated IL-6 as a surrogate player of inflammation and detected its higher level in the group of patients with hyponatremia compared to those without hyponatremia.[@CIT0008]

Interestingly, in our study, hyponatremia was significantly related to patients manifesting with CNS lupus. This finding is congruous with few case reports on CNS lupus patients (lupus cerebritis and vascular thrombosis) where hyponatremia was attributed to vasopressin overstimulation in this clinical status.[@CIT0005],[@CIT0006],[@CIT0019],[@CIT0020] Also, in the current study, it was found that hyponatremia is related to proteinuria in contrast to the study of Shin et al stating that proteinuria was comparable in hyponatremic and normo-natremic lupus patients.[@CIT0008]

However, in the current study, we noticed that other clinical presentations, disease duration, and type of medications did not significantly differ in both groups.

Attempting to correlate hyponatremia with inflammatory markers and disease activity profile, the present study showed a significant inverse correlation between Na level and ESR, a positive correlation between Na concentration and each of C~3~, C~4~, and albumin levels as well as SLEDAI score, indicating that low sodium concentration is strongly associated with disease activity and might be used as marker for inflammation in lupus disease. These findings are similar to the results of the aforementioned studies which concluded that hyponatremia in SLE is linked to higher SLE activity.[@CIT0008],[@CIT0009] Yet, our results noted that the CRP level was not significantly correlated with sodium level; this contradicts with what was reported by other studies that considered the association between hyponatremia and CRP in inflammatory conditions in general acute illness through a transient stimulation of vasopressin secretion.[@CIT0019],[@CIT0021] Meanwhile, our study revealed that only ESR was independently a risk factor for hyponatremia; this is inconsistent with the conclusion of EL-Badawy et al who demonstrated that CRP, SLEDAI, and consumed C4 were independent risk factors for hyponatremia.[@CIT0009]

Our data showed that steroid intake had no impact on the hyponatremia group. ESR was found to be a better predictor of hyponatremia with good performance at a cut-off value of 35. This finding is matching with a recent study that stated that ESR can predict hyponatremia with best sensitivity (100%) and specificity (80%) but at a lower value (ESR ≥ 17.5).[@CIT0009] 

In the light of these facts, we speculate the conception that lupus as an inflammatory disease is characterized by enhanced cytokines that may cause hyponatremia and high disease activity.[@CIT0022] This observation may impact the clinical approach of hyponatremia management. Hence, treating the immune-inflammatory cascade aggressively among lupus patients is essential to correct the status of patients appropriately.

The main limitations of our study lie in its cross-sectional nature, the small scale of the participants, and lack of measuring cytokines and urine osmolarity for more affirmative results. We recommend further studies with great focus to investigate hyponatremia-related lupus and establish a better degree of accuracy in this matter.

Conclusions {#S0005}
===========

Hyponatremia could reflect SLE disease activity and might be used as a simple inflammatory marker.
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Disclosure {#S0006}
==========

The authors report no funds and no conflicts of interest in this work.

[^1]: **Notes:** \*Normal range of Hb level: 13--17.5gm/dl male, 11.5--16gm/dL female.

    **Abbreviations:** C, complement; ESR, erythrocyte sedimentation rate; CRP, C reactive protein; ANA, antinuclear antibody; SLEADI, systemic lupus erythematosus disease activity index.

[^2]: **Abbreviations:** CNS, central nervous system; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; C, complement; SLEADI, systemic lupus erythematosus disease activity index.
